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Abstract 
 
Fishing rods are constructed of carbon fiber materials to precise dimensions. Mechanically it is 
equivalent to a tapered beam with a major and minor stiffness orientation. Guides are placed along the rod 
to transfer the line tension to the rod. The placement of the guides influences the deflected shape and stresses 
in the rod when landing a fish. The challenge is to develop a criteria for optimum placement of the guides 
to minimize the stress in the rod for a given magnitude of tension and orientation of the rod handle relative 
to the direction of the line to the fish. The analysis requires the use of large deflection theory and 
calculations are to be confirmed experimentally using strain gages attached to the rod.  
 
Caution:  Technical results, calculations and conclusions 
presented in this report must be viewed with skepticism. 
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1.0 Introduction 
 
Fishing rods are constructed of carbon fiber materials to precise dimensions. Mechanically it is 
equivalent to a tapered beam with a major and minor stiffness orientation. Guides are placed along the rod 
to transfer the line tension to the rod. The placement of the guides influences the deflected shape and stresses 
in the rod when landing a fish. The challenge is to develop a criteria for optimum placement of the guides 
to minimize the stress in the rod for a given magnitude of tension and orientation of the rod handle relative 
to the direction of the line to the fish. 
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2.0 Background 
 
For the purpose of this paper, we will use the following variables defined below in Table 1. 
 
Symbol   Variable Units 
X X axis- positive to the right Inches 
Y Y axis – positive upwards Inches 
α Angle between x axis and line of tension, positive counter clockwise Degrees 
Θ Angle between horizontal x-axis and point on rod at distance s Degrees & 
radians 
Θ(s) Slope of the rod at distance s, calculated by trendline Radians 
s Length along the fishing rod, maximum length 66 in Inches 
Δs Chosen increment of s used for evaluation  inches 
T Tension force applied to the fishing rod Pounds 
E  Modulus of elasticity Psi 
1/ρ Radius of Curvature 1/inches 
M Moment Pounds * 
inches 
I Moment of Inertia Pounds * ft2 
d Moment arm inches 
X0, Y0 Coordinates of a point under evaluation Inches 
X1, Y1 Coordinates of fishing line inches 
X2, Y2 Coordinates of tip of the rod inches 
Xs, Ys Coordinates of rod under deflection inches 
Cn Coefficient of polynomial  
n exponent  
D Diameter of fishing rod cross section inches 
Di Inner diameter of the fishing rod cross section inches 
Th thickness inches 
r Radius of fishing rod cross section inches 
σ Stress  ksi 
ε Strain  
Table 1: Defined Variables  
 
  
9 
 
2.1 Rod Geometry and other information 
 
In order to analyze the deflection of a fishing rod, the geometry and material properties of the rod 
must be known. To do this, we cut a similar rod into 10 smaller sections and took measurements of the 
diameter and wall thickness with a pair of calipers. A diagram of this process is shown in Figure 1. A sample 
of the data can be found in Table 2. 
 
 
Figure 1: Rod geometry analysis 
  
Section End D (inches) Th (inches) Di (inches) 
1 a .364 .032 .332 
1 b .329 .026 .303 
2 a .329 .026 .303 
2 b .311 .026 .285 
3 a .311 .026 .285 
3 b .258 .027 .231 
 
Table 2: Sample of Diameter Data 
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The rod seemed to have a constant thickness over the length that was analyzed. The shape of the rod 
also seemed to be circular with a concentric hollow circle. The rod was very difficult to cut using the 
hacksaw and it splintered easily. In fact, the further down the rod (the tip of the rod with the smaller 
diameter), the more difficult it became to cleanly cut the rod. After section 4, we were not able to get a 
measurement with the calipers because there was not enough clearance. Additional data/research will need 
to be collected/conducted to determine if constant thickness is applicable to all fishing rods.  
The overall dimensions of the rod also need to be considered when analyzing the stresses in the 
fishing rod. When there is a tension applied to the line, the line will be resting on the lower most part of the 
guide and, therefore, it is necessary to know the spacing between the guides. The dimensions were measured 
using a tape measurer and can be seen in Figure 2. 
  
 
Figure 2: Fishing Rod Dimensions as Manufactured 
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2.2 Small Verses Large Deflection Theory  
The theory that supports large deflection theory is the fundamental Bernoulli-Euler theorem, which 
states the curvature is proportional to the bending moment. With this in mind, it is assumed that bending 
does not alter the length of the beam. –M/EI is the bending moment for the rod. 
 
Equation 1: Bernoulli-Euler Theorem 
Bernoulli-Euler theorem describes the deflected shape from the slope measurements, dv/dx. 
Because of the large deflection, geometric non linearity arises and, therefore, the analysis was formulated 
according to the nonlinear bending theory in which the squares of the first derivatives of the governing 
Bernoulli-Euler equation cannot be neglected as is done in classical beam theory. Polynomial integration is 
not valid for large deflection theory; numerical integration is the only valid strategy. Numerical integration 
is needed due to the rod exhibiting such a large deflection and change in slope. By taking the first derivative 
of the Bernoulli-Euler Theorem, the bending moment of the rod is determined. Classic beam theory, does 
not account for the large deflection or slope changes, the squares of the first derivatives are neglected, 
resulting is less accuracy for large deflection. When the bending moment is determined, we are then able 
to evaluate the radius of curvature along the rod. With this information, after measuring the radius of the 
rod, we are able to determine the strain (ε), by using Equation 2, at any point along the rod. 
𝜀 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑟𝑜𝑑 ∗ (
1
𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑐𝑢𝑟𝑣𝑎𝑡𝑢𝑟𝑒
) 
Equation 2: Strain  
Large deflection theory takes the large change of slope into account. With basic derivatives and/or 
integration, the bending moment, this helps evaluate other properties of the rod.  As seen in Figure 3, the 
trend line comparisons between polynomial integration and the principal of numerical integration for 
accuracy with the concept of large deflection theory. Numerical integration takes the vast changes in slope 
and the shape of the large deflection exhibited into account, exhibiting a much more accurate image of the 
total deflection of the rod.  
12 
 
 
Figure 3: Polynomial integration versus numerical integration 
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3.0 Methodology 
3.1 Overview 
 
In order to analyze the strain in the rod, we will be measuring the slope of the rod at various points 
along the rod instead of trying to measure the deflection at each point. We will then be able to easily 
calculate the radius of curvature mathematically. Before we began taking data, it was important that we 
define terms we would be using. The configuration is shown below in Figure 4. 
 
Figure 4: Reference Geometry 
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3.2 Testing Apparatus 
 
To accurately measure the slope of the deflected rod, it is important to keep a horizontal reference 
frame along the x-axis. The test apparatus that was designed, seen in Figure 5, is a free standing structure, 
whose main section is comprised of a six foot tall section of one and a half inch PVC pipe (1) and wooden 
base (2). The rod holder is a protruding one foot long section of PVC pipe (3) with U-shaped screws (5) to 
support the handle to ensure that it remains horizontal for precise slope measurements. The main section 
has two support pipes (4) that are protruding at forty five degree angles three feet from the base. The two 
support pipes are four feet in length, and also have a wooden base for stability. The stand itself has the 
capability of being broken down into pieces allowing it to be easily transported from place to place.   
 
Figure 5: Test Apparatus 
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3.3 Calibration Test 
 
Eliminating or minimizing factors that cause inaccuracy in measurements is a fundamental part of 
taking data during an experiment. Instrument calibration is one of the primary processes used to maintain 
instrument accuracy. Calibration is “the process of configuring an instrument to provide a result for a 
sample within an acceptable range” . 
The measuring device for the experiment we utilized was the IPhone app, “Clinometer version 4.3.1 
(1412091) on IOS by Plaincode”. Within Clinometer, as seen in Figures 6, the user can calibrate the app. 
We did not, however, develop the calibration system within the app, the overall accuracy of the app is 
unknown. To perform the calibration, we clipped the IPhone into a phone holder that is equipped with a 
rotating clip. Next, the phone was mounted to a wall and a string tied to the holder to allow for a rotation 
to the desired angle. A protractor was then used to draw a unit circle (seen in Figure 6). The dimensions of 
the test contraption are not restricted. Any phone that is capable of downloading the app can be used.  
 
Figure 6: Clinometer app 
 
Figure 7: Inside Clinometer app 
                                                    
Using the string to turn the phone and the lines of the unit circle, the angles were measured and 
compared. Comparing the slope reading on the app to the known slope lines of the unit circle allowed for 
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the conclusion to be made that the app is accurate to within ±0.1°. The raw data from the calibration test 
can be found in Table 3. The degree of accuracy determined through the calibration tests performed is 
sufficient for the experiment we are conducting. 
 
Figure 8: Unit circle used for calibration test 
 
 
Table 3: Calibration test raw data 
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3.4 Deflection Test 
 
To ensure that we collected adequate data to make an accurate prediction of optimum guide 
placement, eighteen points along the rod were labeled for consistent data collection. Points 0 through 18 
and their corresponding distances, s, along the rod starting from the butt of the rod, can be found in Table 
4 
POINT DISTANCE, 
S, INCHES  
0 66 
1 62 
2 59 
3 57 
4 54 
5 51.5 
6 48 
7 46 
8 43 
9 40 
10 37.5 
11 34 
12 32 
13 27 
14 23 
15 16 
16 11 
17 5 
18 0 
Table 4: Points and s distances 
The rod was then tested while in five different configurations and at three different alpha angles,   
-130, -140 and -150. A depiction of the configurations can be seen in Figure 9 through Figure 16. Each case 
is labeled with the number of guides the line was run through as well as their relative distances to the length 
of the rod.  
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Figure 9: Case Configuration A 
 
Figure 10: Case Configuration B 
 
 
Figure 11: Case Configuration C 
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Figure 12: Case Configuration D 
 
 
Figure 13: Case Configuration E 
 
Figure 14: Case Configuration F 
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Figure 15: Case Configuration G 
 
Figure 16: Case Configuration H 
 
Next, we created a standard test procedure to collect data at the eighteen points spaced out over the length 
s of the rod.  
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Standard Test Procedure: 
1. Insert rod into holder 
2. Measure the slope of the rod at the butt to ensure it is zero 
3. If the slope at the butt is not zero, reposition the rod in the holder and recheck the slope 
4. Add 10’5” of fishing line through the guides matching the test configuration 
5. Add weight to the end of the line over the pulley 
6. Move the pulley along the horizontal pipe to reach the desired alpha angle 
7. Make sure the weight is perpendicular to ground  
8. Re-measure the slope at the butt and reposition rod within the holder if the reading is not zero 
9. Tap the pulley and guides to release any friction within the line 
10. Measure the slope at each point denoted along length s of the rod (Take slope positive 
counter clockwise). Repeat each sets of measurements twice to prove repeatability.  
11.  Record the date data was taken, case configuration, tension (weight in pounds), and slope 
data in Excel sheet template 
12. Calculate trendline, radius of curvature, displacement, stress, strain, moment, moment of 
inertia and modulus of elasticity by running the Excel sheet template  
13. Compare the measured tip deflection to the calculated tip deflection  
14. Repeat steps 1-12 for an alpha angle of -130, -140, and -150  
15. Repeat steps 1-13 for Cases A through H. 
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3.5 Data Collection  
 
An essential part of the engineering design process is the keeping of a design notebook. The design 
process often occurs over weeks, months and even years, and, therefore, it is critical to stay organized. The 
design notebook is a place to gather and organize thoughts, ideas, sketches, procedures and more in 
chronological order. Each page must be numbered and pages are dated and signed after each entry. In 
context with this project, the design notebook was mainly used to keep records of raw data collected during 
the experimentation process. An example page containing raw data from our design notebook can be seen 
below in Figure 17. 
 
Figure 17: Example Page from Design Notebook 
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3.6 Data Analysis  
 
For the purpose of this paper, we will be analyzing an example case; Case E, with an alpha angle of 
-150 and an applied tension of 1.21 pounds. It is important to note that these calculations were performed 
for cases A through H with the applied tension at each alpha angle as noted in the Standard Procedure. 
Raw Data 
Information regarding the specific rod being tested, and data at 18 points along the rod were collected 
and entered into the Excel spreadsheet template. We measured the slope in degrees and converted to radians 
for the mathematical calculations. 
 
Figure 18: Raw data entered into excel spreadsheet 
Trendline 
We created a sixth degree polynomial trendline based upon our data so we could find the slope at 
any point along the rod. We started by using the LINEST formula in Excel, which uses the “least squares” 
method to find the line that best fits the data. To use the LINEST formula, we used the array of slope data 
(Θ) and the array of s values (in 0.1 in increments) raised to the powers 1 through 6. The entry of this 
formula can be seen in Equation 3 
𝐿𝐼𝑁𝐸𝑆𝑇(𝜃(𝑟𝑎𝑑), 𝑠^(1,2,3,4,5,6)) 
Equation 3: LINEST entry into Excel 
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The LINEST formula calculates the coefficients Cn of the polynomial with corresponding exponent 
n. The polynomial then takes the form shown in Equation 4, and the calculated Cn values for this example 
are shown in Figure 19. 
𝜃(𝑠) = 𝐶0 + 𝐶1𝑠
1 + 𝐶2𝑠
2 + 𝐶3𝑠
3 + 𝐶4𝑠
4 + 𝐶5𝑠
5 + 𝐶6𝑠
6 
Equation 4: 6th degree polynomial 
 
Figure 19: Trendline coefficients as seen in Excel 
 Θ(s) can then be calculated at any point along the rod. In Excel, this is performed by using the 
SUMPRODUCT function as seen in Equation 5. This function takes multiplies the corresponding 
components of the s array and Cn array and then sums their products.  
 
𝛩(𝑠) = 𝑆𝑈𝑀𝑃𝑅𝑂𝐷𝑈𝐶𝑇(𝑠^(1,2,3,4,5,6), 𝐶𝑛1,2,3,4,5,6) 
Equation 5: SUMPRODUCT function entry in Excel 
 To easily compare the measured Θ to the calculated Θ(s), a graph in excel was created, shown in 
Figure 35 in chapter 5. It is important to note that both sets of data points are reported in degrees for ease 
of use by the reader. 
Radius of Curvature 
We then took the first derivative of the 6th degree polynomial found in the previous step in order to 
find the radius of curvature of the rod. Equation 6 shows how the first derivative and radius of curvature 
are related.  
𝑑𝜃
𝑑𝑠
=
𝑀
𝐸𝐼
=
1
𝜌
 
Equation 6: Radius of curvature, ρ 
By taking the first derivative, as seen in Equation 7, new Cn and n values are found. Figure 20 
shows the Cn and n values for the example case.   
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𝑑𝜃
𝑑𝑠
= 𝐶0𝑠
0 + 1𝐶1𝑠
1−1 + 2𝐶2𝑠
2−1 + 3𝐶3𝑠
3−1 + 4𝐶4𝑠
4−1 + 5𝐶5𝑠
5−1 + 6𝐶6𝑠
6−1
= 𝐶0 + 𝐶1𝑠
1 + 𝐶2𝑠
2 + 𝐶3𝑠
3 + 𝐶4𝑠
4 + 𝐶5𝑠
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Equation 7: First Derivative calculation 
 
Figure 20: Coefficients of the first derivative as seen in Excel 
 To calculate the value of radius of curvature, the same SUMPRODUCT function was used as in 
the calculation of the trendline. This first derivative is now a 5th degree polynomial and is shown in Equation 
8. Once calculated, the radius of curvature can be plotted against s, as seen in Figure 36 in chapter 5. 
 
Equation 8: SUMPRODUCT function for radius of curvature 
Displacement 
To get the deflected shape of the fishing rod, we performed numerical integration over the length 
of the rod (0-66 inches) on our calculated trendline Θ(s). To start, we found the slope at each point by using 
a SUMPRODUCT function in excel (seen in Equation 9). For this calculation, we use an array for s raised 
to powers 6 through 0. 
 
Equation 9: SUMPRODUCT function for displacement 
 Using this new Θ, we can now calculate the Xs and Ys coordinates of the deflected rod at any 
arbitrary point along the rod. In this case, Δs was chosen to be 0.1. The equations to solve for the X and Y 
coordinates can be seen in Equation 10 and Equation 11 respectively. 
 
Equation 10: Solving for Xs 
 
Equation 11: Solving for Ys 
 To get a representation of the shape of the rod under tension, a graph (seen in Figure 37 in chapter 
5) was created plotting the found X and Y coordinates. In addition, the fishing line at angle α was added to 
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the graphical representation by entering Θ = α into Equation 10 and Equation 11, a line length of 15 inches, 
and then plotting the coordinates. 
Diameter and Radius of Rod 
For the next set of calculations, we needed to know the diameter of the rod at any given point. We 
took raw data points as seen below in Figure 21. 
 
Figure 21: Raw diameter data entered into excel spreadsheet 
Next we plotted the data points and found the equation of the graph simply by using the linear fit 
option on the graph. Note that there are two equations on the graph in Figure 22. This is due to the fact that 
the fishing rod is split into two sections for collapsibility and at the joint (s=29.25) there is a jump in the 
diameter.  
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Figure 22: Graph of measured diameter of fishing rod 
 To solve for the diameter (D) of the rod at any given point, we were able to use the two equations 
found on the graph and create Equation 12. The radius of the rod was also easily solved using Equation 13.  
 
Equation 12: Solving for diameter, D 
 
Equation 13: Solving for radius, r 
Moment 
We also calculated the moment about any given point on the rod. Moment is calculated using 
Equation 14. In our test set up, we used a constant tension force, T, of 1.21 lbs. for all tests excluding the 
strain gage testing in which we used four different weights as defined in chapter 4. 
 
Equation 14: Moment calculation 
To calculate the moment arm d, we used three points; an arbitrary point along the rod (X0, Y0), the 
tip of the rod (X2, Y2) and the end of the fishing line (X1, Y1). The configuration of this set up is shown in 
Figure 23, while Equation 15 shows the calculation of the moment arm.  
y = -0.00639x + 0.52021
y = -0.0039x + 0.4875
0
0.1
0.2
0.3
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Figure 23: Moment calculation geometry 
 
 
Equation 15: Calculation to find moment arm, d 
 We were then able to graph the moment (Figure 39 in chapter 5). The largest moment occurred at 
the butt of the rod because the moment arm d was greatest at that point. The moment reaches zero at the tip 
of the rod, or s=66inches, because the line under tension runs directly through this point and, therefore, the 
moment arm is zero. 
Moment of Inertia 
As discussed above, the assumption for the moment of inertia of a hollow rod, Equation 16A gave 
us the moment of inertia of a solid rod. That was then multiplied by 60% to determine the moment of inertia 
for a hollow rod. Knowing that assumption, we were able to calculate the elastic modulus. Equation 17B 
shows the method used to determine each value. By multiplying the elastic modulus (E) with the stress (ϵ), 
then dividing that by the moment (M) multiplied by the radius of the rod (r), we were able to calculate the 
moment of inertia at each point along the rod. 
 
Equation 16 A and B: A) Moment of Inertia for a solid Rod B) Moment of Inertia for individual locations 
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Elastic Modulus   
To calculate the elastic modulus (E), we had to make an assumption for the moment of inertia of a 
hollow rod. Through research, we determined a hollow rod, of our material, has a moment of inertia about 
60% of a solid rod. 60% was determined a consistent measurement from other research experiments, so we 
decided the assumption was justified for use in our experiment. With that assumption in place, we were 
able to calculate the elastic modulus for our rod. We now knew the moment (M), radius of each point along 
the rod (r), the moment of inertia for our hollow rod (I) and the strain (ϵ). Using Equation 17 gave us an 
elastic modulus of 5.68*106 psi for our rod. The modulus was calculated based on the material properties 
of our rod, not based on a point by point basis. 
 
Equation 17: Equation of Elastic modulus 
Strain 
 To calculate strain (ε) in the rod, Equation 18 was used. In our case the magnitude of the strain is 
very small, therefore, units of microstrain (με) are used.  
 
Equation 18: Microstrain Calculation 
We were then able to graph microstrain versus s (as seen in Figure 38 in chapter 5). It is important 
to note that the graph starts at an s value of 30 inches. This is due to high degree of uncertainty in the first 
section of the rod. This first section has smaller changes in slope which are more difficult to accurately 
measure. In addition, the second section of the rod is where the maximum value of strain occurs. 
Stress 
 Stress (𝜎) is now easily found using Hooke’s Law shown in Equation 19. A graph of stress can be 
seen in Figure 42 in chapter 5.   
𝜎 = 𝜀 ∗ 𝑀 
Equation 19: Hooke's Law 
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4.0 Verifications 
4.1 Strain Gage Test  
During this project we felt it important to complete sanity checks to ensure that our calculations 
were correct. One such check that we performed was to attach strain gauges to our fishing rod and measure 
the strain under load and compare it to our calculated strain. To check our accuracy of our calculation 
method, we measured the strain at two points along the rod. We performed this test in Case E configuration, 
with an alpha angle of -140, and under 4 different tensions; T= 1.21 lbs., T=0.85 lbs., T=0.55 lbs., and 
T=0.38 lbs. To complete this test, we attached 350Ω resistors with a gage factor of 2.04 from Vishay 
Precision Group (ii). The strain gauge information can be seen in Figure 24 while the strain gauges 
themselves can be seen in Figure 25. The strain gauges were attached to the rod with superglue along the 
major axis of the rod, seen in Figure 26, and allowed to set for 24 hours before wiring was attached to the 
leads. The strain gauges were attached on the rod between points 7 and 8 (S=44 ¾ inches) and between 
points 11 and 12 (S=32 ¼ inches).  
 
 
Figure 24: Strain Gage Information 
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Figure 25: Strain Gages 
 
Figure 26: Strain Gage Applied to Rod 
 
 
Figure 27: Strain Gage with Leads Attached 
Strain gauges operate by measuring the change in voltage across the resistor. To ensure that the 
change in voltage is large enough to read, a wheatstone bridge with multiple resistors should be utilized. 
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Figure 28 shows a basic wheatstone bridge configuration. For the purpose of this section, the variables are 
defined in Figure 28 or otherwise in the section below.  
 
Figure 28 Wheatstone bridge configuration 
  
Equation 20 Nondimensionalized wheatstone bridge equation 
 
Equation 21 Calibration resistor equation 1 
 
 
 
 
 
 
 
 
 
  
Equation 23: Gain 
 
Equation 22 Calibration resistor equation 2 
33 
 
 
Figure 29: shunt calibration resistors 
 
Figure 30: Gage pattern data 
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Figure 31: Optimizing Strain gage excitation levels (iii) 
 
 
Figure 32: Voltmeters attached to amplifiers 
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It was thought that gage 1 is more accurate because the diameter of the rod is larger in comparison 
to the size of the strain gauge. To calculate a more accurate srain, correction factors for the two strain gauges 
were found. Figure 33 depecits the geometry of the strain gauge when attached to the rod.  
 
Figure 33: Fishing rod cross section with attached strain gauge 
To calculate strain on the curved surface, the perpendicular distance h must be used. Using the 
known geometry, the percentage of strain measured is then ℎ̅ =
1
𝑏−𝑎
∫ ℎ(𝑟)
𝑏
𝑎
 where ℎ = 𝑟 − [𝑟 ∗ sin (
𝜃
2
)]  
and 𝜃 = 360 ∗
𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑔𝑎𝑢𝑔𝑒
2𝜋𝑟
 .  The strain output from strain gauge 1 and 2, therefore, represents 97.9%  
and 96.6% of the actual strain in the rod respectively. The correction factors for strain gauges 1 and 2 are 
1.021 and 1.034 respectively. When the measured strain is multiplied by the correction factor of the 
corresponding strain gauge, the strain values change slightly as seen below. 
 
Table 5: Calculated strain versus corrected calculated strain 
 
 The strain gauge tests results can be seen below in Figure 34. The calculated strain in each test are 
represented by the solid, colored lines. The measured strains at the two gauges are represented by colored 
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dots whose colors correspond to the matching test. Strain gauges 1 and 2 had average differences between 
calculated and measured strain of 3% and 11% respectively.  
 
Figure 34: Strain gage test results 
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5.0 Results 
 
For the purpose of this paper, results for Case E with an alpha angle of -150 will be reported.  
Slope Trendline 
The 6th degree polynomial trendline that was calculated to fit the data collected in Case E can be seen 
below in Figure 35. 
 
Figure 35: Graph of slope trendline, Case E 
First Derivative, Radius of Curvature  
The first derivative of the polynomial is the physical representation of the radius of curvature of 
the rod in Case E and can be seen below in Figure 36. The absolute maximum radius of curvature occurs at 
a distance of s=50 inches. 
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Figure 36: Graph of first derivative, Case E example 
Numerical Integration, Displacement  
The numerical integration of Case E can be seen in Figure 37. The displacement of the tip can be 
seen to be at point (36.6, -33.9). It is important to note that small deflection theory would not have been an 
accurate representation of a fishing rod under deflection because of the shortening of the rod from 66 inches 
down to 36.6 inches in the X direction. 
 
Figure 37: Graph of rod displacement, Case E example 
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Strain  
 For this example case (shown in Figure 38), the maximum strain, of approximately 7180 με 
occurred at distance s= 45 inches.  
 
Figure 38: Strain on Rod, Case E example 
Moment 
 The moment graph for the example case is seen in Figure 39. The moment is greatest at the butt 
of the rod because T is held constant and the moment arm d is decreasing as the point of evaluation gets 
closer to the tip of the rod.  
 
Figure 39: Moment in rod, Case E example 
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Moment of inertia 
 The moment of inertia graph for our example case can be seen below in Figure 40. 
 
Figure 40: Moment of inertia, Case E example 
Modulus of elasticity 
 The graphical representation of elastic modulus can be seen in Figure 41. The modulus is a constant 
value of 5.68*106 psi. The elastic modulus is a physical property of the rod material and, therefore, is not 
calculated at each point individually, but is assumed constant over the length of the rod. 
 
Figure 41: Elastic modulus, Case E example 
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Stress 
The calculated stress in the rod can be seen in Figure 42 below. The maximum stress in Case E is 
at a distance of approximately 45 inches from the butt of the rod. 
 
Figure 42: Stress on rod, Case E example 
Comparison of Strain 
 Figure 43 below is a comparison of the various cases of guide placement under a constant tension 
force and alpha angle. Case C is found to be the “worst case” scenario when placing guides on a rod. This 
case concentrates a large amount of stress and strain in a small area of the fishing rod, leading to the 
assumption that if the rod were to break while deflected, it would be at this point on the rod. Case D also 
would have a similar outcome if potential breakage would occur. Case B and F configurations lead to 
lower levels of strain in the rod, but shift the maximum strain closer to the tip of the rod where it is 
thinner and weaker. Cases E and H similarly lead to lower levels of strain, however, they shift the 
maximum strain closer to the butt of the rod where the diameter is larger. Case G appears to be the most 
ideal placement for the guides out of the eight cases tested. Each test was repeated by each team members 
to test for repeatability. The test results were of the same order of magnitude, and therefore, we concluded 
our results were accurate. The maximum strain in G is lower than any other case, and the strain is more 
evenly distributed over the length of the rod, lowering the likelihood of failure in the rod due to stress 
concentrations while loaded. 
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Figure 43: Graph of strain comparisons 
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6.0 Recommendations and Conclusions 
 
In our project, we came to the conclusion that the spacing on the guides does affect the amount of 
strain and stress acting on the rod. The best spacing we discovered began with a guide 18 inches from the 
butt, the next 2 guides have even spacing, 12 inches, along the thicker diameter of the rod, then, as the 
diameter lessens, the spacing per guide decreases to 6 inches. The results and conclusions drawn from our 
experiment were strictly based on one rod. To further the accuracy of our results, we recommend trying 
multiple rods. Vary the type, length, and other characteristics to further verify the accuracy of our 
experiment. 
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